ABSTRACT. Let b(t) be an arbitrary bounded radial function.
Introduction
and notation. In this paper, ¿0 denotes the Dirac measure at 0 in R, f denotes the Fourier transform of /, and / denotes the corresponding inverse Fourier transform. We denote by \b, the characteristic function of an open set B. x,y,z,t will denote points in R2, \x\ is the length of x, x' = x/\x\, and G will denote some constants which may depend on n, p and may change at different occurrences.
Suppose b(t) is an arbitrary bounded radial function, a > 0, x,t G R2. Let
T£f(x, x3) = f f(x-t, x3 -\t\a)b(t)-r% dt.
J\t\>e W
We will prove the maximal singular operator, / -> sup£>0 |Te/|, is bounded on LP(R3), for all p, 1 < p < oo. The result does not hold for the two-dimensional case (see [3] ). Under a dense argument, it is sufficient to assume that the functions / are in the Schwartz class throughout this paper. Therefore, all the integrals and sums will make sense. Here, we should remark that the proof of Lemma 2 depends on the ideas of J. Duoandikoetxea and J. L. Rubio de Francia (see [4] ). Throughout this paper, M, Mi, M2, M^ denote the classical Hardy-Littlewood maximal function, the H-L maximal function acting in the x3 variable, the H-L maximal function acting in the xi,x2 variables, and the maximal function along a homogeneous curve (r,ra), r > 0, a > 0, at (f, 1) direction, £ € S1, respectively, more precisely, Mif(x,x3)=sup-/ \f(x-rÇ,x3 -ra)\ dr.
e>o e J0 It is a well-known result that M, M2 are bounded on Lp(Rn). The maximal function Mç is actually a maximal function along a homogeneous curve, then it is bounded in Lp(R3), and most importantly the bound is independent of £. To prove this result, we introduce a family of operators {T£}a such that the mapping a -> fT^f(x)g (x) dx is analytic in the interior of the strip {a: |Reo| < |} for /, g in the Schwartz class. We define
where a is a complex number and mf(x,X3)= H>3r« f c<r|x|I'.€€.eld(T(Ç)6(r)^_|a.|-a) J£ /s1 rx-|-a for x G R2, x3 G R, where ei = (1,0), and da denotes the sphere measure on the unit circle S1. It is clear that T£f = Tff. Let Tq f denote the principal value of the singular operator. We will prove the following two theorems. Using Stein's interpolation theorem, we have that sup£>0 |T£(/)| is bounded on all LP(R3) spaces, 1 < p < oo. We need to prove the following two lemmas which are to be used in the proof of Theorem 3. where L£(x,x3) = (l/e2+a)L(x/e,x3/ea).
Proof. Let
JrzJs^ y3+ p \y-yH\ By Fubini's theorem, it equals
Lemma 1 is proved.
LEMMA 2. If f GLp(R3), 1 < p < 00, 0 < Rea < ¿. Then ||T0Q/||p<Ap,ReQ||/||p.
PROOF. Let us consider a partition of unity on (0,00). That is, there exists a function q G C0X(R) supported in [±,2], \q'(t)\ < C/t and such that ¿¿ q(2~U) = 1.
Denote qk(t) = q(2~kt). Let If p > 2, applying the vector-valued maximal operators (see [5] ) and the LittlewoodPaley theorem, the first term of the right-hand side of the above inequality is bounded by ||/||p. On the other hand, the second term equals sup / y^crfc * (M2Si+kf)2(x,x3)(j)(x,x3)dxdx3
J^k where the supremum takes over all test functions with \\<b\\Q < 1, l/q + 2/p = 1, and o*(y,y3) = cr(-y, -y3). Since a*k * <f> < fgl Mç<f>da((;), the least equality is We need to show that the first term of the right-hand side of the above inequality is bounded on LP(R3). Since the second term is bounded by M2Tq /, using Lemma 2, it is bounded on LP(R3). Fix e > 0. Let
Again, let K£(x,x3) be the nonisotropic dilation of K(x,x3), i.e., K£(x,x3) = (l/e2+a)K(x/e,x3/ea).
Then it is easy to check that T?f-W£*T£f = CK£*f, for any p > 2q/(q -1) and Cp does not depend on x' G Sn~2 (see [3] ). By this property and some suitable adjustment of the proof in Theorems 2 and 3 (see [3] ), the singular integrals along surfaces, (£,|i|°), t G i2n_1, a > 0, have been established. 
